This study determined the effects of kolaviron on the hematological and biochemical parameters of rats. The aim was to ascertain if its consumption has deleterious effects on these parameters. Forty adult male Wistar rats divided into four groups of ten animals each were used. The control group received 2 ml/kg propylene glycol only. Kolaviron (KV) was administered at 100, 200 and 400 mg/kg body weight respectively to the experimental groups via oral route for 28 days. At the end of the study period, five rats were sacrificed under ketamine hydrochloride and the other 5 rats were allowed to recover for 2 weeks. Hematological analysis was carried out, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), total bilirubin and glucose were assayed from the plasma while the liver tissue was used for histopathological examination. Compared with the control group, white blood cell (WBC) and lymphocyte, red blood cells (RBCs) counts, hematocrit (HCT) and hemoglobin (Hb) concentrations were significantly higher in groups treated with 100 and 200 mg/kg b.w of KV. However, plasma AST, ALT, ALP activities and bilirubin in 100 and 200 mg/kg KV were not significant different from that of the control. There was a significantly lower plasma glucose level in all KV treated groups when compared with the control. However, KV at 400 mg/kg had a significantly higher RBCs count with a significantly lower Hb, mean corpuscular hemoglobin concentration (MCHC) and platelet count. The plasma AST, ALT activities and bilirubin level were also higher in 400 mg/kg b.w KV when compared with the control, but plasma ALP remain unchanged. At 400 mg/kg b.w KV, histological examination of the liver tissue showed sign of portal cellular infiltration, periportal congestion and hydropic degeneration of hepatocytes in the liver, but restored toward normal after 2 weeks recovery period. This study confirmed that KV at 100 and 200 mg/kg b.w improve hematological indices with hypoglycemic and immune boosting effects in rats. However, KV at higher dosage (400 mg/kg b.w) has tendency to have deleterious effects on the liver and blood.
1.INTRODUCTION
Garcinia kola (Heckel) belongs to the family of Guttiferae and is a medium sized tree easily recognized by its hairy flowers and large fruits. Its plant grows in the tropical region of sub Saharan Africa, naturally in Sierra Leone, Nigeria and Angola [1, 2] . The seeds have a bitter astringent taste; hence, it is called "bitter kola" in Nigeria. Garcinia kola seed is also referred to as Orogbo (Yoruba-Western Nigeria), (Hausa-Northern Nigeria), Akuilu or Ugugolu (Igbo-Eastern Nigeria),Efiari (Efik), and Idoma-Middle Belt [3] . The plant has bee referred to as a 'wonder plant' because almost every part of it has been found to be of medicinal importance [4] . The seed is used in traditional hospitality, cultural and social ceremonies. Its leaves, seeds and barks have also been used in folklore medicine for the treatment of ailments such as liver disorders, urinary tract infections, hepatitis, diarrhea, laryngitis and bronchitis [5 The seeds are used to prevent or relieve colic, cure head or chest colds and relieve cough [6] . They have also been shown to enhance the immune system [9-11]. The seed also has anti inflammatory, anti-microbial, anti antiviral and anti-ulcer properties [12, 13] . The split stems and twigs of the plant are used as chewing sticks in many parts of Africa because they offer natural dental cares [14] . Thus, the seeds have been shown to contain a complex mixture of polyphenolic compounds, bioflavonoids, prenylated benzophenones and 2 ;hematological;biochemical;liver;rat.
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shown to enhance the 11]. The seed also has antimicrobial, anti-diabetic, ulcer properties [12, 13] . The split stems and twigs of the plant are used as chewing sticks in many parts of Africa because hey offer natural dental cares [14] . Thus, the seeds have been shown to contain a complex mixture of polyphenolic compounds, bioflavonoids, prenylated benzophenones and xanthones which account for the majority of its effects [15, 16] .
Kolaviron (KV) is a fraction of the defatted ethanol extract of Garcinia kola seeds, containing Garcinia biflavonoids GB1, GB2, and kolaflavone as its major components (Fig. 1) [17, 18] . The extract is one of the numerous plant product and nutritional supplements that have been have a wide range of medicinal values. It is a drug of plant origin which has numerous biochemical importance in the human body system [17] . Kolaviron has shown ample beneficial health effects in animal models of diseases and also in the preventi hepatotoxicity induced by several toxins such as thioacetamide, paracetamol, carbon tetrachloride and amanita toxins [19, 20] . The protective effects of kolaviron against insults from various xenobiotics have been attributed to its antioxidant properties [21] . It has a profound action on the production of erythropoietin in the kidney [22, 23] . It protects against oxidative stress induced by toxins in experimental animal models [5, 24] . Despite the vast use of kolaviron, there is a paucity of literature on its effects on hematological indices and biochemical parameters in experimental animals. Therefore, this study was designed to investigate the haematological and biochemical effects of graded doses of kolaviron with a view to ascertaining its safety or otherwise of orally ingested dosages of the extract on these parameters. xanthones which account for the majority of its raction of the defatted seeds, containing Garcinia biflavonoids GB1, GB2, and kolaflavone . 1) [17, 18] . The extract is one of the numerous plant product and nutritional supplements that have been found to have a wide range of medicinal values. It is a drug of plant origin which has numerous biochemical importance in the human body system [17] . Kolaviron has shown ample beneficial health effects in animal models of diseases and also in the prevention of hepatotoxicity induced by several toxins such as thioacetamide, paracetamol, carbon tetrachloride and amanita toxins [19, 20] . The protective effects of kolaviron against insults from various xenobiotics have been attributed to its ies [21] . It has a profound action on the production of erythropoietin in the kidney [22, 23] . It protects against oxidative stress induced by toxins in experimental animal models [5, 24] . Despite the vast use of kolaviron, there is n its effects on hematological indices and biochemical parameters in experimental animals. Therefore, this study was designed to investigate the haematological and biochemical effects of graded doses of kolaviron with a view to therwise of orally ingested dosages of the extract on these Chemical structures of the bioactive compounds present in Kolaviron 2.
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MATERIALS AND METHODS

Extraction of Kolaviron
Kolaviron was isolated according to the method of Iwu et al. [25] . Fresh seeds of Garcina kola were peeled, air dried and crushed into powder using an electric pulverizer (DIK-2910, Daiki Rika Kogyo Co. Ltd, Tokyo-Japan 
Stock Solutions of Kolaviron
The extract's stock solution for 100 mg/kg was prepared by dissolving 1 g kolaviron in 20 mL of propylene glycol. Consequently, every 100 g rat received 0.2 mL of kolaviron to prevent the deleterious effects of extract overload. Accordingly, stock solutions for 200 mg/kg and 400 mg/kg of kolaviron were prepared by dissolving 2 g and 4 g of the extract, respectively, each in 20 mL of propylene glycol.
Animal Care and Management
Forty adult male Wistar rats (110-150 g) were used for this study; they were obtained from the Animal House of the College of Health Sciences, Obafemi Awolowo University, Ile-Ife, Osun State. The animals were kept inside plastic cages under normal environmental conditions of light/dark cycle and had free access to standard rodent pellet diet (Ace Feed PLC Ibadan, Nigeria) and water ad libitum. They were allowed to acclimatize in the laboratory for two weeks before the commencement of the study. The experimental protocols were in strict compliance with the guidelines for animal research, as detailed in the NIH Guidelines for the Care and Use of Laboratory Animals [26] and approved by Institutional Research Committee.
Experimental Design
The rats were divided into 4 groups (n = 10 per group) as follows; Group I (control) received propylene glycol at 2 ml/kg via oral route for 28 days. Groups II, III and IV received graded doses of KV at 100, 200 and 400 mg/kg/day via oral route for 28 days. At the end of the study period, five rats were sacrificed under ketamine hydrochloride (10 mg/kg/b.w via intramuscular route) and the remaining 5 rats were left untreated for 2 weeks before sacrifice. Blood samples from all the rats were drawn via cardiac puncture and collected into separate EDTA and heparinize bottles. Blood dispensed into potassium (EDTA) bottles was used for hematological analysis while that collected into heparinize bottles was centrifuged at 4000 revolutions per minute for 15 minutes at -4 o C using a cold centrifuge (Centurium Scientific, Model 8881) to obtain the plasma which was used for the assessment of biochemical parameters.
Measurement of Food Consumption, Body and Organ Weight
Assessment of weekly weight change was carried out using Hanson digital weighing balance (Hanson, China). However, organ weights were determined using Camry sensitive weighing balance (Camry, China). The With the aid of the metabolic cage, the food consumption for each rat in the groups were carried out. Food consumption was measured with the aid of a digital weighing balance (Hanson, China).
Biochemical Analyses
Plasma aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline 
Histological Processes
The fixed liver samples of the rats were dehydrated in graded alcohol, cleared in xylene and embedded in paraffin wax. The tissues were then cut into 2-3 μm thick sections by a microtome, fixed on the slides and stained with haematoxylin-eosin. The slides were examined under a light microscope (Olympus CH; Olympus, Tokyo, Japan) and photomicrographs were taken with a Leica DM 750 Camera at x 100 and 400 magnifications.
Statistical Analysis
The results obtained were expressed as mean ± SEM. Data were analyzed using One analysis of variance (ANOVA) followed by post hoc test using Student-Newmanvalue less than 0.05 was considered statistic 3 percentage weight change was calculated using
Percentage Weight Change (PWC)% = − Initial body weight) g
With the aid of the metabolic cage, the food consumption for each rat in the groups were consumption was measured with the aid of a digital weighing balance Plasma aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), total bilirubin (TB) and glucose were assayed using biochemical kits purchased from Randox Laboratories (Crumlin, Co. Antrim UK).
Hematological Indices
Red blood cell (RBC), haematocrit (HCT), hemoglobin (Hb), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin Concentration (MCHC), white blood cell (WBC), granulocyte, monocytes, lymphocytes and platelet counts were determined using an auto machine (SFRI blood cell Counter, H18 light, France).
illustration of extraction process of kolaviron
The fixed liver samples of the rats were dehydrated in graded alcohol, cleared in xylene and embedded in paraffin wax. The tissues were m thick sections by a microtome, fixed on the slides and stained with eosin. The slides were examined under a light microscope (Olympus CH; Olympus, Tokyo, Japan) and photomicrographs were taken with a Leica DM 750 Camera at x
The results obtained were expressed as mean ± SEM. Data were analyzed using One-way analysis of variance (ANOVA) followed by post--Keuls and P value less than 0.05 was considered statistically significant. The statistical analysis was performed with the aid of GraphPad Prism 5.03 (GraphPad Software Inc., CA, USA) and Microsoft Office Excel, 2016 package.
RESULTS
Relative Liver Weight, Percentage Body Weight Change and Food Consumption4 Weeks Treatment
The relative liver and absolute liver weight of all kolaviron treated groups (100, 200 and 400 mg/kg) showed no significant (p > 0.05) different when compared with the control (Table 1) . However, there was a significantly (p < increased in body weight change and food consumption in all kolaviron treated groups (100, 200 and 400 mg/kg) when compared with the control (Table 1) .
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The relative liver and absolute liver weight of all kolaviron treated groups (100, 200 and 400 mg/kg) showed no significant (p > 0.05) different when compared with the control (Table 1) . However, there was a significantly (p < 0.05) increased in body weight change and food consumption in all kolaviron treated groups (100, 200 and 400 mg/kg) when compared with the
2 Weeks recovery
After 2 weeks recovery period, the relative liver and absolute liver weight of all kolaviron treated groups (100, 200 and 400 mg/kg) showed no significant (p > 0.05) different when compared with the control (Table 1 ). The body weight change and food consumption in all kolaviron treated groups (100, 200 and 400 mg/kg) were significantly increased after recovery period from kolaviron treatment ( Table 1) .
Hematological Parameters
4 Weeks treatment
The mean values of hematological parameters in rats treated with graded doses of kolaviron are presented in Tables 2 and 3 . Rats administered with 100 and 200 had a significantly (p < 0.05) increased white blood cells (WBC) and lymphocyte values ( Table 2 ). The red blood cell, hemoglobin and hematocrit values were significantly increased at the doses of 100 and 200 mg/kg. The RBC and mean corpuscular volume (MCV) values were significantly (p < 0.05) increased in the group that received 400 mg/kg with a significantly (p < 0.05) reduction in hemoglobin and mean corpuscular hemoglobin concentration(MCHC) when compared with the control (Table 3) . Also, there was a significantly (p < 0.05) decreased in platelets count at the dose of 400 mg/kg when compared with the control (Table 2) . 
2 Weeks recovery
After 2 weeks recovery period, there was a significantly (p < 0.05) increased in WBC and lymphocytes value in all kolaviron treated groups when compared with the control (Table 3) . But other hematological parameters showed no significant (p > 0.05) different when compared with the control (p > 0.05) ( Table 3 ).
Biochemical Parameters
4 Weeks treatment
The result of the effects kolaviron on plasma biochemical parameters is presented in Table 4 . There was significant (P<0.05) increase in the levels of AST, ALT and total bilirubin at the dose of 400 mg/kg. There were however no significant (P > 0.05) different in the levels of AST, ALT and total bilirubin at the doses of 100 and 200 mg/kg. Plasma ALP was not significant (P > 0.05) different in all the treated doses of the kolaviron when compared with the control. Also, there was significant (P<0.05) decrease in the level of plasma glucose at the doses of 100 and 200 mg/kg, but 400 mg/kg had no significant (P>0.05) different in plasma glucose when compared with control.
2 Weeks recovery
After recovery period for 2 weeks, the plasma levels of AST, ALT, ALP and bilirubin showed no significant (p > 0.05) different in all kolaviron treated groups when compared with the control (Table 4) . However, there was a significantly (p < 0.05) decreased in plasma glucose levels in all kolaviron treated groups after recovery from kolaviron when compared with the control (Table 4) .
Histopathological Results
The result of the histological rat liver treated with kolaviron is presented in Figs 3 and 4 .
4 Weeks treatment
No visible lesion was observed in the liver of the control group and doses at 100 and 200 mg/kg. However, severe periportal congestion, portal cellular infiltration and diffuse hydropic degeneration of hepatocytes was seen at 400 mg/kg.
2 Weeks recovery
Control liver showed normal histoarchitecture with no visible lesion; 100 mg/kg KV recovery showed normal histoarchitecture as the control; 200 mg/kg KV recovery showed normal histoarchitecture of the liver as the control and 400 mg/kg KV recovery liver showed sign of recovery with mild degeneration of hepatocytes, 
DISCUSSION
The present study showed that kolaviron did not altered the feeding pattern of rats. The significant increase in food intake in all kolaviron treated groups that was observed in this study when compared with the control may suggests that kolaviron does not have any deleterious effects on the gastrointestinal (GIT) or appetite center in the hypothalamus. This observation is not in agreement with the report of Braide [27] ; Obi and Nwoha [28] who reported that kolaviron caused an intestinal mal-absorption; general reduction in body weight and retarded growth rate. The lack of consistency is likely attributable to the duration and dose used in their study.
The significant increase in body weight change that was seen in the experimental groups treated with kolaviron is an indication of increase in food intake that was observed in this study. This may be that kolaviron, might probably favor rapid absorption of nutrient from the gastro-intestinal tract. However, this is not in agreement with the report of Obi and Nwoha [28] , who reported that kolaviron administered at 400 mg/kg caused a significant decrease in the bodyweight. This disparity may have resulted from the differences in the duration of the study. Another possible explanation for the significant increase in food consumption and body weight that was observed in the groups treated with kolaviron could be due to hypoglycemic property attributed to flavonoids and other phytochemical constituents [29] . Kolaviron is a flavonoid complex that has been reported to cause a significant reduction in plasma glucose level in streptozotocin -induced diabetic rats [30] . Decrease in the plasma glucose level is said to inhibit the satiety center, thus activating the feeding center to increase appetite leading to increase in food intake [31] . Hence, the increase in food consumption and body weight of rats treated with kolaviron is an indicative of pharmacological function of KV in rats.
Hematological indices are diagnostic tools for routine clinical evaluation of the state of health. The present study showed that treatment with kolaviron at 100 and 200 mg/kg for 4 weeks significantly increased WBC and lymphocyte counts when compared with the control, whereas monocyte and granulocyte counts were not significant different from the control rats after treatment with kolaviron for 4 weeks ( Table 2) . After 2 weeks' withdrawal of kolaviron treatment, there was a significantly increased in WBC and lymphocyte counts in all kolaviron treated groups compared with the control (Table 3 ). The observed increase in WBC and lymphocyte counts following kolaviron treatment revealed that it may have beneficial effects on the immune system. WBC and lymphocytes are synthesized in the bone marrow along with other types of blood cells. They protect the body from infection. The high numbers of WBC and lymphocytes observed in kolaviron-treated rats indicate low risk of infection. This finding is in accordance with the study of Uko et al., [32] and Dada and Ikuerowo [33] , who reported a proliferation in total leucocyte counts but differentfrom the study of Ahumibe and Braide [34] , who observed no significant difference in white blood cell (WBC) counts after treatment with Garcinia kola. The observed effect of kolaviron on WBC explains the antimicrobial potential of the plant extract in view of the major role that WBC assume in the immunity defense mechanism of the body in both man and animal as reported by Dada and Ikuerowo [33] . The significantly increased lymphocytes signified an improvement in immune system. This supports the findings of Okoko and Oruambo [35] and Dada and Ikuerowo [33] .
Decrease in red blood cell counts (RBC) could revealed an imbalance between its production and loss [36] . The results obtained in this study showed that kolaviron at 100 and 200 mg/kg b.w treatment for 4 weeks caused significant increase in red blood cell (RBC) counts with subsequent increase in hemoglobin (Hb) and hematocrit (HCT) concentrations when compared with the control. These results are in line with the report of Ahumibe and Braide [37] , who observed increase in RBC count, HCT and Hb concentrations after administration of kolaviron in humans and rats' model. The life span of RBCs is also related to the blood antioxidant capacity [38] . Hence, the increase in RBC count that was observed in the 100 and 200 mg/kg kolaviron treated rats may have resulted from the antioxidant capacities of kolaviron [39] [40] [41] [42] . However, kolaviron treated group at 400 mg/kg b.w had increase the number of RBCs, mean corpuscular volume (MCV) and this is accompanied by a decreased in hemoglobin (Hb) concentrations and mean corpuscular hemoglobin concentration (MCHC) and platelet count. This seems to appear that kolaviron at 400 mg/kg b.w might have caused a decrease in tissue iron concentration and/or interferes with hemoglobin (Hb) biosynthesis. The observed significant increase in RBCs count and reduction in Hb concentration and MCHC at high dose (400 mg/kg of kolaviron) is an indication of macrocytic hypochromic anemia. This finding is in accordance with the study of Uko et al. [32] , who reported a reduction in Hb concentration and hematocrit following treatment with Garcinia kola. The reduction observed in the platelet counts in the group that received 400 mg/kg b.w of kolaviron may suggests destruction of megakaryocytes which are responsible for platelets formation [43] . Therefore, continued administration of the extract at high doses (400 mg/kg KV) may result in widespread hemorrhages as seen in the histology (Fig. 3) , due to coagulation deficiency because platelets play a crucial role in reducing blood loss and repairing vascular injury [44, 45] . However, after 2 weeks' withdrawal of the extract, there was no significant different in hematological indices of the rats treated with kolaviron when compared with the control (Table 3) .
Plasma glucose of the rats that were administered with 100 and 200 mg/kg kolaviron was significantly lower than that of the control, of which rats that were administered with 400 mg/kg of kolaviron showed no significant difference in plasma glucose when compared with the control (Table 4) . After 2 weeks' withdrawal of kolaviron treatment, the plasma glucose in all kolaviron treated groups was significantly decreased when compared with the control (Table 4 ). This report showed that kolaviron has the ability to lower plasma glucose. The mechanisms of hypoglycemic effect of kolaviron might be due to the combination of its stimulating action on the pancreatic β cells to release insulin and also an insulin independent effect and extrapancreatic action which may involve glucose utilization in extrahepatic tissues [46, 47] . Furthermore, the hypoglycemic effect of flavonoids can be mediated through an increase in hepatic glucose storage by stimulating the action of glycolytic and glycogenic enzymes or by inhibiting glucose-6-phosphatase. This consequently results in the uptake of glucose into cells and the reduction in the blood glucose levelthrough the upregulation of glycogen formation, downregulation of the rate of glycogen breakdown and glucose synthesis [48] [49] .
Hepatoprotective activity of kolaviron has been reported by various studies [17, 5, 50, 51] , but may be hepatotoxic at very high doses. It was observed in this study that administration of kolaviron at 400 mg/kg body weight significantly increased the level of plasma AST, ALT and bilirubin when compared with the control (Table  4 ). The increase in the level of AST and ALT may be due to the leakage of the enzymes from damaged hepatocyte into the systemic circulation. This may have accounted for the diffuse hepatic degeneration that was observed in the photomicrograph of rats treated with 400 mg/kg body weight (Fig. 3) . Plasma ALT is also known to increase in liver disease and it has been used as a tool for measuring hepatic necrosis [52] .
Plasma ALP activity in this study showed no significant different when compared with the control, but the level of bilirubin increase in rats treated with 400 mg/kg of KV when compared with the control. Elevated serum bilirubin concentration is indicative of bile ducts obstruction. Bilirubin may also be elevated when the secretory function of the liver is impaired. Thus, the increase in plasma levels of AST, ALT and bilirubin that was observed in the higher dosage (400 mg/kg b.w) showed the evident of liver necrosis. However, the administration of kolaviron extract appears to be relatively nontoxic to animals at low and moderate doses (100 and 200 mg/kg b.w). This is because there was no apparent damage to the physiology and biochemistry of the blood of rats in this study. However, at high dose (400 mg/kg b.w), the alterations observed in rat RBCs, Hb, MCHC, platelets, AST, ALT and bilirubin suggest dose selective toxicity of kolaviron extract when repeatedly consumed on a daily basis for a prolonged time. But after the rats were left untreated for 2 weeks, the level of hematological and biochemical parameters restored back to normal.
CONCLUSION
In conclusion, the study justified that kolaviron at 100 and 200 mg/kg increased food consumption, body weight and improved hematological indices with hypoglycemic and immunity boosting effects in rats. However, kolaviron at 400 mg/kg b.w has tendency to cause pathological changes in body systems, evidenced by the reduced hemoglobin content, alterations in markers of liver function and histology. Thus, caution must be taken in administering high doses of kolaviron for a prolonged period of time.
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